Tuberculous radiculomyelitis (TBRM) is a complication of tuberculous meningitis (TBM), which has been reported rarely in the modern medical literature. We describe a case of TBRM that developed in an human immunodeficiency virus (HIV)-infected patient, despite prompt antituberculous treatment. To our knowledge, this is the second case of TBRM reported in an HIV-infected patient. We also review 74 previously reported cases of TBRM. TBRM develops at various periods after TBM, even in adequately treated patients after sterilization of the cerebrospinal fluid (CSF). The most common symptoms are subacute paraparesis, radicular pain, bladder disturbance, and subsequent paralysis. CSF evaluation usually shows an active inflammatory response with a very high protein level. MRI and CT scan are critical for diagnosis, revealing loculation and obliteration of the subarachnoid space along with linear intradural enhancement. As in other forms of paradoxical reactions to antituberculous treatment, there is evidence that steroid treatment might have a beneficial effect.
Tuberculous radiculomyelitis (TBRM) is a complication of neurological tuberculosis that is rarely reported, even in countries where tuberculosis of the CNS is common [1] . Wadia and Dastur, in their important review of TBRM [2] , have suggested that the designation "TBRM" be used as a generic term to include cases previously categorized as arachnoiditis, intradural spinal tuberculoma or granuloma, and spinal cord complications of TBM.
To our knowledge, no recent extensive review of TBRM has been published in the medical literature. Here we report a case of TBRM complicating TBM in an HIV-infected patient and review the literature on TBRM.
Case Report
A 27-year-old man presented to our HIV clinic because of subacute onset of bilateral lower limb weakness. The patient was a former injection drug abuser who had tested positive for HIV 4 years earlier. He was naive for antiretroviral treatment. Three months before presentation, he had been admitted to our hospital because of headache, fluctuating mental status, fever, marked neck stiffness, and bilateral sixth cranial nerve paresis. A lumbar puncture was performed (table 1) . PPD test was negative, and his CD4 cell count was cells/L. The 6 54 ϫ 10 patient was started empirically on antituberculous drugs (isoniazid, rifampin, and ethambutol) the same day of admission. CSF culture yielded Mycobacterium tuberculosis, which was susceptible to isoniazid, rifampin, and ethambutol.
The patient indicated that after he was discharged from the hospital he slowly developed progressive lower limb weakness with difficulty walking and bladder disturbance. According to the patient and his family, compliance with antituberculous therapy had been excellent. Neurological examination showed absent lower limb deep tendon reflexes. Muscle strength was clearly decreased (3/5), both proximally and distally. Left plantar response was extensor and right was equivocal. Truncal weakness was present. There was a slight distal pinprick and light touch sensory deficit in the legs, suggestive of a lesion at the T10 root level and bladder sphincteric disturbance. Another lumbar puncture was performed 102 days after the patient presented with tuberculous meningitis (table 1) . Findings of chest, and thoracic and lumbar spine radiographs were normal as were those of contrast-enhanced CT of the brain. A T 1 -weighted sagittal MRI of the spine (figure 1), with and without gadolinium, showed thickening of the dorsal meninges with obliteration of the posterior subarachnoid spaces surrounding the cervical, thoracic, and lumbar spinal cord. There was posterior enhancement of the cervical and thoracic spinal cord meninges, loculation, and obliteration of the spinal subarachnoid space. In addition, several nodular-enhancing lesions in the thoracic spine, consistent with subarachnoid tuberculomas, were demonstrated. MRI did not show signs of vertebral osteomyelitis.
The clinical and radiological features were consistent with TBRM. Methylprednisolone (45 mg daily) was added to the therapeutic regimen. During the following month, there was improvement in the lower extremity strength to the point that the patient could walk without support. There was no change in bladder disturbance. Four months after presentation (figure 2), another MRI revealed a syringomyelic cavity involving the thoracic and lumbar spinal cord (from the second thoracic vertebra to the conus medullaris) with minimal meningeal enhancement after contrast administration. Antituberculous treatment and steroid therapy were maintained for 12 and 10 months, respectively. The patient did not receive antiretrovirals before finishing antituberculous treatment. CD4 cell count at the end of antituberculous treatment was cells/L. At 6 184 ϫ 10 that point, the patient started a regimen of stavudine, lamivudine, and indinavir. The patient has been followed for 3.5 years after presentation. There has been no significant change in his neurological status during the last 3 years.
Literature Review
We searched the MEDLINE database for all articles published from 1966 through 1999 that dealt specifically with TBRM secondary to TBM. Search terms were "tuberculosis," "spinal cord," "myelitis," and "arachnoiditis." We excluded cases of TBRM secondary to vertebral tuberculosis. In all cases, the diagnosis of TBRM was made on the basis of the combination of typical clinical and radiological findings. Articles in the English or Spanish language were fully reviewed. For articles written in languages other than English or Spanish, only the English language abstract was reviewed.
Discussion and Review
Our literature search found 74 cases of TBRM secondary to TBM. Fifty-three cases were included in 3 series that described the radiological features of TBRM [3] [4] [5] . Fourteen cases were included in 1 series that described the pathological features of TBRM [6] . We found 19 cases with enough information about demographics, clinical presentation, radiological features, and response to treatment to permit thorough review (table 2) .
Pathogenesis. TBRM may develop in 1 of 3 ways: (1) as a primary tuberculous lesion (i.e., the first expression of tuberculosis of the CNS); (2) as a downward extension of TBM; and (3) as a secondary extension from vertebral tuberculosis. Myelopathy with spinal subarachnoid obstruction secondary to tuberculous arachnoiditis was first described by Sir Victor Horsley [19] . Although for a long period TBRM was considered a complication of vertebral tuberculosis, in 1947, Ransome and Montiero reported 4 patients from Singapore in whom tuberculous myelopathy occurred in the absence of Pott's disease [20] .
Pathology. Macroscopically, one of the most remarkable features of TBRM is the presence of an exudate that is usually described as extensive, copious, and tenacious. The entire space between the spinal dura mater and the leptomeninges can be occupied and expanded by this exudate [21] . The exudate can produce partial or complete encasement of the spinal cord, with impingement of spinal roots. In addition, thrombosis of the anterior spinal artery that produces cord infarction has been described elsewhere [6, 22, 23] .
Microscopically, the main pathological feature of TBRM is the presence of a granulomatous reaction of the spinal leptomeninges frequently associated with histiocytic proliferation, vasculitis caseation, and tubercle formation (i.e., frank giant cell systems with necrotic centers and epitheloid cells) [6] .
Clinical findings. The clinical features of TBRM have been well described [2] . TBRM is characterized by the subacute onset of paraparesis that progresses over 1 or 2 months. Symptoms include root pain, paraesthesias, bladder disturbance, and muscle wasting; subsequent paralysis develops, usually after a few days. It is not uncommon to find absent deep tendon reflexes with flaccidity in the lower limbs and the presence of extensor plantar response [24] . Secondary radiculomyelitis may appear during the acute stage or after variable periods since the onset of TBM. Kozlowski [25] described 2 cases of adhesive arachnoiditis that developed 7 and 9 years, respectively, after TBM. In another series, 2 patients with paraparesis that occurred 14 and 17 years, respectively, after TBM were reported [3] . It is possible that TBRM, in some of the cases with a long delay between TBRM diagnosis and TBM, was diagnosed on the basis of a long-term complication of TBRM, such as the development of a syringomyelic cavity. Although spinal extension of tuberculous basal meningitis usually develops within weeks of starting inadequate antituberculous treatment [24] , radiculomyelopathy can also develop during appropriate treatment of intracranial tuberculosis [10, 24, 26, 27] . In most patients with TBRM, evaluation of CSF reveals an active inflammatory response with pleocytosis (lymphocytosis), hypoglycorrhachia, and a very high protein level (probably the result of CSF flow blocks). It should be noted that these alterations could persist despite sterilization of the CSF (as it happened in our case). Diagnosis of TBRM is usually suspected on the basis of clinical and CSF findings, as well as with typical myelographic, CT, or MRI appearance [4, 5] .
In our patient, the presentation of TBRM was similar to the clinical picture described by others [2, 6, 12, 15, 28] . The initial TBM was followed by extension of the inflammatory process to the spinal cord and nerve roots, manifesting as paraparesis and areflexia. In nonimmunosuppressed patients, the thoracic spinal cord is most frequently involved [3] [4] [5] . Our patient was HIV-infected. In our review, we found only 1 other case of TBRM associated with HIV-infection [12] . Patients coinfected with HIV and tuberculosis are at high risk for developing TBM. In fact, the risk of CNS involvement in patients with tuberculosis is 5 times higher if the patient is HIV coinfected [29] , especially if the HIV has been acquired through injection drug use [22] . However, it has been shown that HIV infection does not appear to modify the clinical manifestations and complications of TBM [29] . There are no data to support an increase in the incidence of TBRM in the HIV-infected population.
Radiographic imaging. CT and MR images are critical for the diagnosis of TBRM. Chang et al. [3] compared conventional myelograms, myelo-CT, and MRI with and without administration of contrast medium and concluded that conventional myelography remained the primary radiological method for diagnosis of suspected TBRM, particularly in those cases that are characterized by chronic adhesive changes. They considered, however, that in patients with an active inflammatory process within the thecal sac or with myelopathy, gadoliniumenhanced MRI may be the optimal primary imaging technique, obviating myelography. Gupta et al. [4] supported MRI as the primary imaging modality in the screening of patients with suspected intraspinal tuberculosis, regardless of the stage of the disease. The MRI features of TBRM include loculation and obliteration of the spinal subarachnoid space, with loss of the outline of the spinal cord in the cervicothoracic spine and matting of the nerve roots in the lumbar region [3, 4, 14, 22, 30] . Even when the enhanced MRI appears entirely normal, gadoliniumenhanced MRI usually reveals nodular, thick, linear intradural enhancement, often completely filling the subarachnoid space [3, 4, 14, 30] . When TBRM is imaged in a chronic phase, the gadolinium-enhanced images may not show any enhancement, even when unenhanced images show signs of arachnoiditis (e.g., matted nerve roots) [4] . The secondary development of a syringomyelic cavity is a known late complication of some cases (including ours) of tuberculous arachnoiditis [17, 31] . MRI imaging coupled with iv gadolinium has proved to be more sensitive than enhanced CT in its ability to show abnormal meningeal enhancement in non-AIDS and AIDS patients [32] [33] [34] [35] [36] . Meningeal enhancement is seen in the basal cisterns and over the convexity of the brain in most patients, and is the most direct evidence of the inflammatory reaction to the tuberculous meningeal infection [22] . Spinal meningeal enhancement in the cervical and thoracic regions suggests TBRM [22] .
Our conclusion from the literature review is that the most sensitive method for radiological evaluation for TBRM is an MRI using T 1 -weighted sagittal and axial views pre-and postadministration of gadolinium-DTPA.
Treatment. In patients with TBM, early diagnosis and initiation of therapy is of utmost importance to prevent unnecessary morbidity and mortality [1, 29, 37] . Delayed treatment in cases of TBM may result in severe sequelae. Although the importance of early treatment of TBM cannot be overemphasized, it should be recognized that TBRM, in some cases, might develop "paradoxically" shortly after the start of appropriate treatment for TBM. Some authors have considered that TBRM might represent a form of paradoxical reaction to tuberculosis treatment, as it happened in our case [38] . In other types of neurotuberculosis, such as intracranial tuberculomas, it has been well described as a paradoxical growth of the tuberculomas during appropriate antituberculous treatment [39] . Possible explanations for these paradoxical reactions are the recovery of the patient's delayed hypersensitivity response and an increase in response to mycobacterial antigens liberated after antituberculous treatment. Steroids have been used in other types of paradoxical tuberculous reactions and consequently they might play a role in the prevention of TBRM in patients treated for TBM.
Steroids have been used to prevent and treat the neurological complications of TBM [40] [41] [42] . Although it has been suggested that CSF WBC counts and protein content normalize more rapidly with use of steroids, their precise role in treating TBM is still uncertain. Reduction of mortality by corticosteroids in the acute phase of TBM has been reported in several series [43, 44] , including small numbers of patients [45, 46] , but not in others [29] . Most investigators consider that steroids are probably beneficial and should be given for 2 neurological complications associated with TBM: cerebral edema and spinal block [47, 48] .
Our review found conflicting reports on the efficacy of steroids for the treatment of TBRM [1, 2, 9, 10, 31]. Although we recognize that no randomized controlled trial has been performed, we support the strategy of using full antituberculous therapy along with corticosteroids at presentation of TBRM [1] .
The value of decompressive laminectomy remains uncertain [8, 11] . In the more chronic forms of the disease, a localized area of arachnoiditis or cord compression from a cyst can be surgically treated with good results, but more extensive adhesive disease usually progresses despite laminectomy [1] .
In summary, TBRM is a rare complication of TBM. TBRM should be suspected whenever a patient with TBM develops spinal cord symptoms. Neuroimaging with MRI is critical for diagnosis. Given the exuberant nature of the inflammatory process at the spinal level, steroid treatment is probably indicated.
